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1. 

C BUS COMMUNICATION SYSTEM 
CAPABLE OF SUPPRESSING FREEZE OFC 
BUS COMMUNICATION DUE TO ANOISE 

AND METHOD FOR CONTROLLING CBUS 
COMMUNICATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to measures against a freeze 

and improvement in noise tolerance in an IIC communication 
system. 

2. Description of Related Art 
An IIC (Inter-Integrated Circuit) bus communication has 

been known as a communication method using a bi-direc 
tional bus including two wires, which is applied for control 
ling efficiently devices integrated in household equipment 
(such as television sets, radio sets and DVD recorders), com 
munication equipment (Such as mobile phones and personal 
computers) or industrial equipment. IIC bus specification is 
defined in, for example, “THE IC-BUS SPECIFICATION', 
VERSION 2.1, JANUARY 2000. 
By using Such an IIC bus communication, the system con 

trol can be composed of only two bus lines including a serial 
data (SDA) line and a serial clock (SCL) line. Moreover, since 
addressing and data-transmission format and devices are 
defined in the IIC specification, system definition by the use 
of software is available, and the addition/removal of IC in the 
system can be performed in a simple manner. Every device 
connected to the bus has its own unique address and it oper 
ates as a transmitter or a receiver in accordance with the 
function of the equipment, and data can be transmitted 
between the respective devices. 
A relationship as a master device and a slave device is 

established constantly between the respective devices, and 
the master device functions as a master transmitter or a master 
receiver. The master device denotes a device for starting data 
transmission on a bus, and it generates a clock signal for 
enabling the transmission. A device that is addressed at that 
time by the master device becomes a slave device. The length 
of each byte outputted to the SDA line is 8 bits. The number 
of bytes that can be sent at one transmission is not limited 
particularly. An acknowledge bit is required after each byte. A 
clock pulse for the acknowledge bit is generated by the master 
device. When Such an acknowledge clock pulse is generated, 
the transmitter opens the SDA line. The receiver is required to 
make the SDA line “L” in accordance with the output of the 
acknowledge clock pulse so that the SDA line is stabilized in 
the “L” state when the acknowledge clock pulse is in the “H” 
State. 

The IIC bus functions as a multi-masterbus where multiple 
master devices can control a bus simultaneously, and it is 
expected to be predominant, corresponding to the future trend 
of higher function of a set and more complicated systems. The 
fact that multiple master devices can be connected to the IIC 
bus implies that the multiple master devices may start data 
transmission simultaneously. For preventing occurrence of 
such a phenomenon, the IIC bus and all of the IIC bus inter 
faces are wired-AND-connected. In a case where multiple 
master devices try to send information to the bus, a master 
device, which generates 1 first when the other master device 
generates 0, is disabled to perform a communication. The 
following description refers to a bit error that occurs at the 
time of the IIC bus communication. 

FIG. 6A is a diagram showing a configuration of a conven 
tional IIC bus system including two master devices. In this 
system, a first master device 3, a second master device 4, a 
first slave device 5 and a second slave device 6 are connected 
in parallel to bus lines including a SCL line 1 and a SDA line 
2. In addition, one terminal of a SCL line pullup resistor 7 and 
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2 
one terminal of a SDA line pullup resistor 8 are connected to 
the SCL line 1 and the SDA line 2 respectively, while the other 
terminals of the pullup resistors 7, 8 are connected to a power 
source 9. 

FIG. 6B(a) shows waveforms of SCL and SDA during a 
normal communication in this IIC bus system. The clock 
pulses S7-S0 in the SCL correspond to respective bits of 
1-byte data, and A denotes an acknowledge clock pulse. 
When the acknowledge clock pulse is in the “H” state, the 
SDA line is in the 'L' State. 

FIG. 6B(b) shows a waveform of a state where an acknowl 
edge signal shifts by 1 bit and the communication freezes. 
This can occur, for example, as a result of the first slave device 
5 causing a bit error under the influence of external noise or 
the like during receiving a slave address at the time that the 
first master device 3 acquires continuously the read-data from 
the first slave device 5. As a result, for example, in a case of 
returning the acknowledge pulse earlier by 1 bit in compari 
son with the acknowledge bit, the slave device sets the SDA as 
“L” while the first master device 3 sends the eighth bit of the 
slave address as “H”. The first master device 3 recognizes this 
phenomenon as the second master device 4 trying to start data 
transmission, and stops Supplying of a clock to the SCL line 
1. As a result, since the clock is not supplied to the SCL line 
1, the SDA line 2 is pulled to “L” by the first slave device 5, 
and the IIC bus communication will freeze. 

JP2003-308257 A describes an example of techniques for 
coping with abnormal communications in an IIC bus com 
munication system. The technique described in JP2003 
308257. A relates to a method for preventing a malfunction or 
a runaway of a slave device when resuming the communica 
tion after interruption of the communication due to the occur 
rence of an abnormality such as a power failure. However, the 
method cannot be applied to cope with a problem as men 
tioned above, that is, a freeze of the IIC bus communication 
under the influence of external noise or the like. 

FIG. 7 is a block diagram showing the interior of the first 
slave device 5. FIG. 7 shows only parts relating to processing 
the SCL signal inputted through a SCL input terminal 10, but 
parts relating to processing SDA signal are omitted in the 
figure. 
The SCL signal is decoded at an IIC decoding circuit 12 via 

a comparator 11a in the first slave device 5. For the reference 
Voltage of the comparator 11a, an output Voltage of a refer 
ence voltage circuit 13 is supplied via a buffer circuit 14. The 
output voltage of the reference voltage circuit 13 via the 
buffer circuit 14 is supplied also to the IIC decoding circuit 
12. 

The following factors can be considered as causing a shift 
of the acknowledge signal in the circuit of the first slave 
device 5: 

(1) external noise is superimposed on the SCL line 1: 
(2) noise is Superimposed on the reference Voltage side of 

the comparator 11a; and 
(3) noise is Superimposed on the output of the comparator 

11a. 

When the first slave device 5 returns an acknowledge signal 
for an incorrect bit due to the influences of external noises or 
the like as mentioned above, a freeze of the IIC bus commu 
nication is apt to be caused. 

SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the 
present invention to provide an IIC bus communication sys 
tem that can restore the system in a case where a slave device 
returns an acknowledge signal for an incorrect bit and the IIC 
bus communication freezes. 
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It is also an object of the present invention to provide an IIC 
bus communication system that can Suppresses a freeze of the 
IIC bus communication even when the slave device returns an 
acknowledge signal for an incorrect bit. 

It is also an object of the present invention to improve the 
noise tolerance of the internal circuit of the slave device in 
order to suppress a freeze of the IIC bus communication even 
when the noise is Superimposed on a signal outside or inside 
the slave device. 
A first IIC bus communication system of the present inven 

tion includes: two bus lines including a SCL (serial clock) line 
and a SDA (serial data) line; multiple master devices con 
nected in parallel to the bus lines; a state detector for detecting 
a frozen state of the IIC bus communication on the basis of the 
states of the SCL line and the SDA line so as to output a freeze 
detection signal, and detecting the state where the frozen state 
is released so as to output a freeze-release detection signal; a 
pulse generator for Supplying a pulse signal corresponding to 
a clock signal with respect to the SCL line in accordance with 
the freeze detection signal outputted from the state detector; 
and a reset signal generator for Supplying a reset signal to the 
multiple master devices in accordance with the freeze-release 
detection signal outputted from the state detector, wherein the 
multiple master devices return to the normal communication 
state in accordance with the Supply of the reset signal. 
A second IIC bus communication system of the present 

invention includes: two bus lines including a SCL line and a 
SDA line; multiple master devices connected in parallel to the 
bus lines; a STA control line for connecting the multiple 
master devices; and pullup resistor connected between the 
STA control line and a power source, wherein the master 
device to start a communication sends in advance a recogni 
tion signal STA for starting communication to the STA con 
trol line for a predetermined period, and the master device in 
communication stops the SCL when detecting, through the 
STA control line, that the recognition signal STA is sent. 
A third IIC bus communication system of the present 

invention includes: two bus lines including a SCL line and a 
SDA line; multiple master devices connected in parallel to the 
bus lines; multiple slave devices connected in parallel to the 
bus lines; a pullup resistor connected at one terminal to the 
SCL line and the SDA line respectively; a power source 
connected to the other terminal of the pullup resistor, a 
RESET control line for connecting the multiple master 
devices and the multiple slave devices; and a pullup resistor 
connected between the RESET control line and the power 
Source, wherein the multiple master devices are capable of 
self-checking the IIC signal based on an IIC specification so 
as to send a reset signal to the RESET control line when a bit 
error occurs, and the multiple slave devices reset the state 
corresponding to the bit error when the reset signal is sent 
through the RESET control line. 
A slave device for an IIC bus communication system of the 

present invention includes: a SCL terminal to be connected to 
a SCL line of the IIC bus communication system; a SDA 
terminal to be connected to a SDA line of the IIC bus com 
munication system; a SCL comparator for outputting a result 
of comparison between a SCL signal inputted via the SCL 
terminal and a reference Voltage; a SDA comparator for out 
putting a result of comparison between a SDA signal inputted 
via the SDA terminal and a reference voltage; and a decoder 
to be supplied with outputs from the SCL comparator and the 
SDA comparator, wherein at least one of the SCL comparator 
and the SDA comparator is a hysteretic comparator. 
A first IIC bus communication control method for control 

ling an IIC bus communication system including two bus 
lines including a SCL line and a SDA line and multiple master 
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4 
devices connected in parallel to the bus lines includes the 
steps of monitoring states of the SCL line and the SDA line: 
detecting the frozen state of the IIC bus communication and 
the state where the frozen state is released, on the basis of the 
states of the SCL line and the SDA line; when the frozen state 
is detected, Supplying a pulse signal corresponding to the 
clock signal to the SCL line; and when detecting the state 
where the frozen state is released, sending a reset signal to the 
multiple master devices so that the multiple master devices 
return to the normal communication state. 

According to a second IIC bus communication control 
method for controlling an IIC bus communication system 
including two bus lines including a SCL line and a SDA line 
and multiple master devices connected in parallel to the bus 
lines, the master device to start a communication sends a 
recognition signal STA for starting communication to all of 
the remaining master devices in advance for a predetermined 
period; and the master device in communication controls to 
stop the SCL when detecting that the recognition signal STA 
is sent. 

According to a third IIC bus communication control 
method for controlling an IIC bus communication system 
including two bus lines including a SCL line and a SDA line, 
multiple master devices connected in parallel to the bus lines 
and multiple slave devices connected in parallel to the bus 
lines, the multiple master devices are capable of self-check 
ing the IIC signal so as to send a reset signal to all of the 
remaining master devices and all of the slave devices when a 
bit error occurs; and the multiple slave devices control so as to 
reset a state caused by the bit error when the reset signal is 
Sent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a block diagram showing a configuration of an 
IIC bus communication system according to a first embodi 
ment of the present invention. 
FIG.1B is a diagram showing IIC signal patterns in the IIC 

bus communication system. 
FIG. 2A is a block diagram showing a configuration of an 

IIC bus communication system according to a second 
embodiment of the present invention. 

FIG. 2B is a diagram showing IIC signal waveforms and 
STA signal waveforms in the IIC bus communication system. 

FIG. 3A is a block diagram showing a configuration of an 
IIC bus communication system according to a third embodi 
ment of the present invention. 

FIG. 3B is a diagram showing IIC signal patterns and a 
RESET control signal in the IIC bus communication system. 

FIG. 3C is a block diagram showing a configuration of a 
slave IC circuit used in the IIC bus communication system. 

FIG. 4 is a block diagram showing a configuration of a 
slave IC circuit used in an IIC bus communication system 
according to a fourth embodiment of the present invention. 

FIG. 5 is a block diagram showing a configuration of a 
slave IC circuit used in an IIC bus communication system 
according to a fifth embodiment of the present invention. 

FIG. 6A is a block diagram showing a configuration of a 
conventional IIC bus communication system. 

FIG. 6B is a diagram showing IIC signal waveforms of a 
conventional IIC bus communication system. 

FIG. 7 is a block diagram showing a configuration of a 
conventional slave IC circuit. 

DETAILED DESCRIPTION OF THE INVENTION 

According to a first configuration of an IIC bus communi 
cation system and an IIC bus communication control method 
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of the present invention, it is possible to detect that the IIC bus 
communication freezes and to input a clock pulse into the 
SCL line so as to release the frozen state and return to the 
normal communication state. 

In the first configuration of an IIC bus communication 
system, the state detector can be configured to detect the 
frozen state by detecting that predetermined states of the SDA 
and SCL continue for a predetermined period. 

Furthermore, in the IIC bus communication control 
method, the detection of the frozen state can be carried out by 
detecting that the predetermined states of the SDA and SCL 
continue for a predetermined period. 

According to a second configuration of an IIC bus commu 
nication system and an IIC bus communication control 
method of the present invention, since the master device 
continues to input a clock for communication unless the other 
master devices send a recognition signal STA in order to start 
communication, a freeze of the IIC bus communication can 
be prevented. 

According to a third configuration of an IIC bus commu 
nication system and an IIC bus communication control 
method of the present invention, since a reset signal is sent to 
reset the respective master devices in a case of detecting a bit 
error by the self-checking function of the IIC included in the 
master devices, a freeze of the IIC bus communication can be 
prevented. 

According to the slave device of the IIC bus communica 
tion system of the present invention, the occurrence of a bit 
error due to the influence of noise Superimposed on the signal 
outside/inside the device can be reduced by use of a hysteretic 
comparator 11c. As a result, the noise tolerance of the slave 
device can be improved to Suppress occurrence of a freeze in 
the IIC bus communication. 

In the slave device of the IIC bus communication system of 
the present invention, it is preferable that a capacitor for noise 
rejection is connected to the output side of at least one of the 
SCL comparator and the SDA comparator. 

It is also preferable that the reference voltage to be supplied 
to at least one of the SCL comparator and the SDA compara 
tor is supplied from a reference voltage source different from 
the reference voltage source that supplies the reference volt 
age to the decoder. 
The slave device can have a power Source input terminal to 

be connected to the power source and Voltage division resis 
tors connected between the power source input terminal and 
a ground, and a Voltage of the power source, which is divided 
by the resistor, can be used as the reference voltage to be 
supplied to at least one of the SCL comparator and the SDA 
comparator. 

It is also preferable that a buffer circuit is connected to the 
outputside of at least one of the SCL comparator and the SDA 
comparator in order to lower the output impedance. 

Equipment for a IIC bus communication system of the 
invention may include a device that is applicable in any of the 
above-mentioned IIC bus communication systems, wherein 
the device is configured as a slave device. The equipment can 
be a television set, a radio set, a DVD recorder, a mobile 
phone, a personal computer or industrial equipment. 

Hereinafter, the present invention will be described by way 
of illustrative embodiments with reference to the drawings. 

EMBODIMENT 1 

FIG. 1A is a block diagram showing a configuration of an 
IIC bus communication system according to a first embodi 
ment of the present invention. In FIG. 1A, the same reference 
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6 
numerals may be assigned to the same components compa 
rable to as those of the conventional IIC bus communication 
system as shown in FIG. 6A. 

This IIC bus communication system is configured by con 
necting a first master device 3, a second master device 4, a first 
slave device 5 and a second slave device 6 in parallel to bus 
lines including a SCL line 1 and a SDA line 2. One terminal 
of a SCL line pullup resistor 7 and one terminal of a SDA line 
pullup resistor 8 are connected to the SCL line and the SDA 
line respectively, and the other terminals of the pullup resis 
tors 7, 8 are connected to a power source 9. 

Furthermore, for providing a function of coping with a 
freeze, a combination of a state detector 15, a pulse generator 
16a, and a reset signal generator 16b is provided. The state 
detector 15 is connected to the SCL line 1 and the SDA line 2 
so that both a SCL signal and a SDA signal are inputted in 
order to detect the frozen state of the SCL line 1 and the SDA 
line 2 and also detectarelease of the freeze, on the basis of the 
states of the signals. 
The freeze detection signal and the freeze-release detection 

signal as output signals from the state detector 15 are Supplied 
to the pulse generator 16a and the reset signal generator 16b. 
The pulse generator 16a Supplies a pulse signal correspond 
ing to the clock signal to the SCL line 1, in accordance with 
the freeze detection signal outputted from the state detector 
15. The reset signal generator 16b sends a reset signal to the 
first master device 3 and the second master device 4 in accor 
dance with the freeze-release detection signal outputted from 
the state detector 15. The first master device 3 and the second 
master device 4 return to the normal communication state by 
being Supplied with a reset signal. 

Next, an operation for coping with a freeze of the IIC bus 
communication system in this embodiment will be described 
below by referring to FIG. 1B. FIG. 1B shows waveforms of 
SCL and SDA in a case where the first slave device 5 returns 
an acknowledge signal earlier by 1 bit in the system of FIG. 
1A. 

In a case where the first slave device 5 double-counts the 
SDA at the seventh bit under the influence of noise or the like 
while the first master device 3 receives continuously data of 
the first slave device 5 (read address: B7 Hex), the SDA is 
pulled to “L” at the fall of the seventh bit in SCL. Since the 
eighth bit of the read address has been sent at the first master 
device 3, it recognizes that the second master device 4 pulls 
the SDA line to “L” in an attempt to start a communication 
and stops the SCL. As a result, the bus lines will freeze and 
they will be fixed to a frozen state X (SCL: “H”, and SDA: 
“L”). The state detector 15 is formed to detect that the frozen 
state X continues for a predetermined period. 
When detecting that the frozen state X (SCL: “H”, and 

SDA: “L”) continues for a predetermined period, the state 
detector 15 generates a freeze detection signal and outputs the 
signal to the pulse generator 16a. Thereby, a pulse signal for 
1 clock is inputted from the pulse generator 16a to the SCL 
line 1. As a result, the first slave device 5 opens the SDA line 
2 to “H”, and thus the bus line is turned to a released state'Y'. 

Furthermore, the state detector 15 is configured to detect 
that the released state Y where the frozen state X is released 
(SCL: “H”, and SDA: “H”) continued for a predetermined 
period. When detecting that the released Y continued for a 
predetermined period, the state detector 15 outputs a freeze 
release detection signal. In response to this, the reset signal 
generator 16b sends reset signals to the first master device 3 
and the second master device 4 so that the first and second 
master devices 3 and 4 return to the normal communication 
State. 
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In a case where the frozen state X continues while the SDA 
line 2 is fixed to “L’, the state detector 15 again generates a 
freeze detection signal and so the pulse generator 16a outputs 
a pulse. That is, by the time that the SDA line 2 is released to 
“H”, a clock signal will be inputted continuously from the 
pulse generator 16a to the SCL line 1. When the frozen state 
X is released, the first master device 3 and the second master 
device 4 can be reset, thereby returning to the normal com 
munication state. 

It is preferable that the predetermined period for the state 
detector 15 to detect that the frozen state X and the released 
state Y continue is set so that the total time period of the frozen 
state X and the released state Y is shorter thana IIC commu 
nication interval. The IIC communication interval denotes an 
interval for a communication between the master device and 
the slave device, and it is hundreds of milliseconds in general. 

EMBODIMENT 2 

FIG. 2A is a block diagram showing a configuration of an 
IIC bus communication system according to a second 
embodiment of the present invention. This IIC bus commu 
nication system is provided with a STA (start) control line 17 
and a STA control line pullup resistor 18a as components for 
coping with a freeze, in addition to the conventional basic 
components. 
The first masterdevice 3 and the second master device 4 are 

connected to each other with the STA control line 17, and a 
master device to start a communication is set to output "L' in 
advance for a predetermined period to the STA control line 
17. The STA control line 17 is open-drain connected within 
the first master device 3 and the second master device 4 just 
like the SCL line 1 and the SDA line 2. ASTA pullup resistor 
18a is connected at one terminal to the STA control line 17 
and connected at the other terminal to the power source 9. In 
this control system, during master communication the first 
master device 3 or the second master device 4 stops the SCL 
when detecting that the STA control line 17 is turned to “L”. 

Next, an action of the IIC bus communication system for 
coping with a freeze according to this embodiment will be 
described below by referring to FIG. 2B. 

FIG. 2B(a) shows waveforms of the SCL signal, the SDA 
signal and STA signal in a case where the first slave device 5 
returns the acknowledge signal earlier by 1 bit in the system 
of FIG. 2A and where the master device is not changed. In a 
case where the first slave device 5 double-counts the SDA at 
the seventh bit under the influence of noise or the like during 
the first master device 3 receives continuously the data of the 
first slave device 5 (read address: B7 Hex), the SDA is pulled 
to “L’at the fall of the seventh bit of the SCL. However, since 
the second master device 4 is not trying to start a communi 
cation, the STA is kept to “H. As a result, the first master 
device 3 continues the communication without stopping the 
SCL, and thus the bus line will not freeze. 

FIG. 2B(b) shows waveforms of SCL, SDA and STA in a 
case where the first slave device 5 returns an acknowledge 
signal earlier by 1 bit and the second master device 4 inter 
rupts in the midway of the communication by the first master 
device 3 so that the master devices is changed in the system of 
FIG.2A. Inacase where the first slave device 5 double-counts 
the SDA at the seventh bit under the influence of noise or the 
like during the first master device 3 receives continuously the 
data of the first slave device 5 (read address: B7 Hex), the 
SDA is pulled to “L” at the fall of the seventh bit of the SCL. 
At this timing, the STA control line is set to “L” by the second 
master device 4 in order to start a communication. As a result, 
since the first master device 3 stops SCL and since the second 
master device 4 inputs a STOP condition and a START con 
dition and then starts a communication, the bus lines will not 
freeze. 
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EMBODIMENT 3 

FIG. 3A is a block diagram showing a configuration of an 
IIC bus communication system according to a third embodi 
ment of the present invention. This IIC bus communication 
system is provided with a RESET control line 19 and a 
RESET control line pullup resistor 18b as components for 
coping with a freeze, in addition to the conventional basic 
components 

All of the master devices, i.e., the first and second master 
devices 3, 4 and all of the slave devices, i.e., the first and 
second slave devices 5a, 6a, are connected to each other with 
the RESET control line 19. All of the master devices 3, 4 in the 
control system are capable of self-checking IIC signals, and 
thus once a bit error occurs, the RESET control line 19 is 
turned to “L’. 

Next, the operation of the IIC bus communication system 
in the present embodiment to cope with a freeze will be 
described below by referring to FIG. 3B. 

FIG. 3B shows waveforms of SCL, SDA and RESET for a 
case where the first slave device 5a in the system of FIG.3A 
returns the acknowledge signal earlier by 1 bit. 

FIG. 3C is a block diagram showing a configuration of an 
IC circuit as the slave device 5a used in the IIC bus commu 
nication system in FIG. 3A. 
The SCL input terminal 10, the SDA input terminal 20 and 

the RESET input terminal 21 that are provided in the first 
slave device 5a are connected respectively to the SCL line 1, 
the SDA line 2 and the RESET control line 19. The SCL 
signal and the SDA signal are decoded at the IIC decoding 
circuit 12 via the comparators 11a, 11b in the first slave device 
5a. For the reference Voltage of the comparators 11a, 11b, a 
reference voltage from the reference voltage circuit 13 is 
supplied via the buffer circuit 14. 
The SDA input terminal 20 is grounded via a Nch-MOS 

transistor 22. A decoding output of an IIC decoding circuit 12 
is supplied to one of input terminals of an AND circuit 23. The 
other input terminal of the AND circuit is connected to a 
RESET input terminal 21. 

For example, in a case where the first slave device 5a 
double-counts the SDA at the seventh bit under the influence 
of noise or the like while the first master device 3 receives 
continuously the data of the first slave device 5a (read 
address: B7 Hex), the SDA is pulled to “L” at the fall of the 
Seventh bit of the SCL. 

In this case, although the first master device 3 outputs 
B7 Hex, the IIC signal becomes B6. Hex due to a shift of the 
acknowledge bit at the first slave device 5a. The first master 
device 3 detects this shift of the IIC signal with its integrated 
IIC self-checking function, and outputs “L” to the RESET 
control line 19. In the meantime, the first master device 3 
generates by itself a STP condition and inputs it into the 
RESET terminal 21 of the slave device. As a result, the IIC 
decoding circuit 12 in the slave device is reset and a commu 
nication starts normally, and thus the bus lines will not freeze. 

EMBODIMENT 4 

FIG. 4 is a block diagram showing a configuration of the 
slave device 5b used in an IIC bus communication system 
according to a fourth embodiment of the present invention. 
The whole configuration of the IIC bus communication sys 
tem can be similar to the conventional example as shown in 
FIG. 6A or any of the above-mentioned embodiments. This 
slave device 5b is shown only at the parts relating to process 
ing a SCL signal to be inputted through the SCL input termi 
nal 10, and parts relating to processing other signals are 
omitted in the figure. 
A SCL signal is supplied to the IIC decoding circuit 12 via 

a hysteretic comparator 11c and decoded. For the reference 
Voltage of the comparator 11c, an output Voltage of a refer 
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ence voltage circuit 13 is supplied via a buffer circuit 24. That 
is, the reference voltage of the comparator 11c will be sup 
plied through a path separately from the Voltage Supplied to 
the IIC decoding circuit 12. Furthermore, the output side of 
the comparator 11c is grounded via a noise rejection capacitor 
25. 

According to the above configuration, measures for 
improving the noise tolerance inside the slave device 5b can 
be taken as follows. 
(1) The hysteretic comparator 11c is used so that occurrence 

of bit errors caused by an influence of noise Superimposed 
on the SCL line 1 from the exterior can be reduced. 

(2) A logic circuit such as the IIC decoding circuit 12 and a 
reference bias of the comparator 11c are divided by use of 
the buffer circuit 24 so that occurrence of bit errors caused 
by the influence of noise Superimposed on the reference 
Voltage side of the comparator 11c can be reduced. 

(3) A noise rejection capacitor 25 is provided at the output 
side of the comparator 11c so that occurrence of bit errors 
caused by the influence of noise Superimposed on the out 
put of the comparator 11c can be reduced. 
The above measures need not necessarily be applied simul 

taneously, but a considerable effect can be obtained by apply 
ing any of the measures. 

EMBODIMENT 5 

FIG. 5 is a block diagram showing a configuration of a 
slave device 5c used in an IIC bus communication system 
according to a fifth embodiment of the present invention. The 
whole configuration of the IIC bus communication system 
can be similar to the conventional example as shown in FIG. 
6A or any of the above-mentioned embodiments. This slave 
device 5c is shown only at the parts relating to processing a 
SCL signal to be inputted through the SCL input terminal 10, 
and parts relating to processing other signals are omitted in 
the figure. 

This slave device 5c is provided with a power source ter 
minal 26 and connected to a power source 9. The power 
Source terminal 26 is grounded via a series circuit of refer 
ence-Voltage setting resistors 27, 28. ASCL signal inputted 
through the SCL input terminal 10 is inputted into the hys 
teretic comparator 11c. An output signal from the comparator 
11c is supplied to the IIC decoding circuit 12 via the buffer 
circuit 29, and decoded. 

For the reference voltage of the IIC decoding circuit 12, an 
output voltage of the reference voltage circuit 13 is supplied 
via the buffer circuit 14. A voltage supplied as the reference 
Voltage of the comparator 11c is the Voltage that is obtained 
by dividing the voltage of the power source 9 by the refer 
ence-Voltage setting resistors 27, 28. 

According to the above configuration, the following mea 
Sures for improving the noise tolerance inside the slave device 
Sc will be achieved. 
(4) A voltage obtained through resistance division from the 
power source 9 is used for the reference voltage for the 
comparator 11c, so that occurrence of bit errors due to the 
influence of noise Superimposed on the reference Voltage 
side of the comparator 11c can be reduced. 

(5) An output impedance is lowered by adding a buffer circuit 
29 just behind the output line of the hysteretic comparator 
11c So as to lower the output impedance, so that occurrence 
of bit errors caused by Superimposition of noise occurring 
inside the IIC decoding circuit 12 and any other locations 
can be reduced. 
Each of the above embodiments indicates an example 

where two master devices and two slave devices are con 
nected to bus lines. However, the number of the master 
devices and the slave devices to be connected to the bus lines 
will not be limited to two. 
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According to the present invention, a freeze caused by 

noise in an IIC bus communication system can be handled 
efficiently, and thus the present invention is useful in control 
ling among the devices forming the interior of equipment for 
household use, for communications, and for industrial use. 
The invention may be embodied in other forms without 

departing from the spirit or essential characteristics thereof. 
The embodiments disclosed in this application are to be con 
sidered in all respects as illustrative and not limiting. The 
Scope of the invention is indicated by the appended claims 
rather than by the foregoing description, and all changes 
which come within the meaning and range of equivalency of 
the claims are intended to be embraced therein. 
What is claimed is: 
1. An IIC bus communication system comprising: 
two bus lines including a SCL (serial clock) line and a SDA 

(serial data) line; 
multiple master devices connected in parallel to the bus 

lines; 
a state detector for detecting a frozen state of an IIC bus 

communication on the basis of the states of the SCL 
line and the SDA line so as to output a freeze detection 
signal, and detecting the state where the frozen state is 
released so as to output a freeze-release detection 
signal; 

a pulse generator for Supplying a pulse signal corre 
sponding to a clock signal with respect to the SCL line 
in accordance with the freeze detection signal output 
ted from the state detector; and 

a reset signal generator for Supplying a reset signal to the 
multiple master devices in accordance with the 
freeze-release detection signal outputted from the 
state detector, wherein the multiple master devices 
return to a normal communication state in accordance 
with the Supply of the reset signal. 

2. The IIC bus communication system according to claim 
1, wherein the state detector detects the frozen state by detect 
ing that predetermined states of the SDA and SCL continue 
for a predetermined period. 

3. Equipment for a IIC bus communication system, com 
prising a device that is operated or controlled electrically in 
the IIC bus communication system according to claim 2, 

wherein the device is configured as a slave device. 
4. Equipment for a IIC bus communication system, com 

prising a device that is operated or controlled electrically in 
the IIC bus communication system according to claim 1, 

wherein the device is configured as a slave device. 
5. An IIC bus communication control method for control 

ling an IIC bus communication system comprising: 
two bus lines including a SCL line and a SDA line; and 
multiple master devices connected in parallel to the bus 

lines; 
the method comprising the steps of 

monitoring states of the SCL line and the SDA line; 
detecting the frozen state of an IIC bus communication 

and the state where the frozen state is released, on the 
basis of the states of the SCL line and the SDA line; 

when the frozen state is detected, Supplying a pulse 
signal corresponding to the clock signal to the SCL 
line; and 

when detecting the state where the frozen state is 
released, sending a reset signal to the multiple master 
devices so that the multiple master devices return to a 
normal communication state. 

6. The IIC bus communication control method according to 
claim 5, wherein the frozen state is detected by detecting that 
predetermined states of the SDA and the SCL continue for a 
predetermined period. 
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